, $ containing Pd-Mo bonds provides dehydration of alcohols evidently via a carbene mechanism. Products of decarbonylation of Pd phenantroline carbonyl clusters were shown to be active catalysts for oxidative acetoxylation and alcoxylation of unsaturated hydrocarbons.
INTRODUCTION
Palladium (11) complexes have been known for a long time to be the catalysts for many oxidative reactions (ref. [1] [2] [3] . Up to 1975, when our study was launched some of these reactions have been suggested to be really catalyzed by polynuclear compounds of palladium in oxidative states lower than (+2).
In search for such catalytically active compounds or their models we have turned to the methods of metal-carbonyl chemistry as a useful tool for the synthesis of polynuclear compounds. The methods of the synthesis of carbonyl Pd complexes with phosphine ligands are well known now (ref. [4] [5] [6] [7] [8] [9] [10] [11] . However, phosphine, arsine and related ligands are readily oxidized.
Bearing in mindthe search of materials for oxidative catalysis, we have chosen a,oc'-bipyridine (Bipy), 1,lO-phenantroline (Phen), and related hardoxidizable compounds as stabilizing ligands. Necessary CO ligands were assumed to be removed in either event at the final steps of the synthesis. Our study have resulted in a series of olynuclear Pd compounds including so-called giant Pd clusters (ref.12 ]S0 In the course of this study we have obtained a number of low-molecular carbonyl palladium clusters. Their chemistry is the subject of the paper.
PALLADIUM CARBONYL ACETATE CHEMISTRY
When solutions of palladium (11) carboxylate Pd(OC0R) are contacted with CO, reduction of Pd (11) to Pd met21 usually occurs.
In glacial acetic acid containing alkali metal acetates, reduction of Pd(OKc)2 with CO results in formation of palladium metal, acetic anhydride, and C02 (ref. 13 ):
(R = Me, Et or Ph)
Pd(OAc)* + COPd + (Acl20 + C02
(1 1 In carboxylic acids or (carboxylic acid+benzene) mixtures as solvents, in the abscence of alkali metal acetates, we obtained relatively stable complexes of stoichionetry BCOO.Pd.CO.nRCOOH where n 1 0.5 or 0 . Thus, carbonylation (1 atm of CO) of Pd(OAc)2 in glacial acetic acid at 5OoC gave AcO~Pd.CO~0.5AcOH (1) .
Crystals of 1 lose 0.5 mol of acetic acid per 1 g.-atom of palladium wEen kept for abou'6 10 days in vacuo over KOH at 2OoC forming palladium carbonyl acetate (PCA) AcO The stoichiometric and kinetic data led to conclusion that the reaction of trinuclear carbonyl palladium (11) complex includes CO insertion into Pd-OAc bond followed by C02 elimination resulting in formation of acylic palladium (11) 
(8) ( 9 ) 2 PhenPd2(C0)2(0Ac)2
Pd4Phen2(CO)2(OAc)4 -Pd4Phen2(CO) (OAO)~ + CO Further CO l o s s observed at higher temperatures is asuumed to be decarboxylation of complex Pd4Phen2(CO) (OAC)~. Volumetric data at 90°C correspond to reversible loss of 1 mole of C 8 per (11) 4 Pd atoms, in accord with eq.6. 
IR spectrum of 6 shows a strong band at 1800 cm" corresponding to the bridging CO group stretching mode, X-ray analysis data showed that 6 contained a nearly tetrahedral cluster of palladium atoms (Fig.4) . (6) ) than the non-bridged ones (2.718(6) %). Both distances are noticeably longer than the shortest Pd-Pd distance in Pd metal. As comparison with PCA geometry (Fig.1) 
The next CO ligand was supposed to be eliminated from the cationic intermediate to form complex di-cation 1:
Tetrahedral cluster 6 is conceivably formed by dimerization of coordinatively unsaturated species 1. The shortest distance between the axes of PhenPd(C0)PdPhen groups in cluster 6 (see Fig.4 The amounts of CO consumed and CO formed are in accord with eq.11. Another way to complex 9 could be hydrogeifation of complex S. At (Ox is an oxidant, Red is a reduced form of the Ox) could be used to produce carboxylic acid anhydride under mild conditions as depicted by eq.
19.
AcOH + CO + Ox -(AcI20 + C02 + Red 2 AcOH -(Acl2O + H20, A G & = +I 2 kcal/mole CO + Ox-C02 + Red (19) Dehydration of AcOH is usually performed at high temperatures (500-6OO0C) because of thermodynamic restrictions: (20) Reaction (1 2) inherently includes oxidation of carbon monoxide (eq. 14) :
as a complementary exoenergetic reaction. In the case of Ox =I Q2 and Red = H 0, the thermodynamics of reaction 21 ,2) , carbonyl compounds being the main products in the reaction mixtures containing more than 1% of water. In contrary to that, no water influence was observed in the presence of Pd4Phen2(0Ac),.
Contrary to expectations, complexes 2 and 10 do not catalyae isomerisation of I-alkene in spite of the presence of oordinated hydrogen. Both IR band at 1790 cm-? and singlet at -15.3 ppm in NMR spectrum disappeared after addition of unsaturated compounds to the solutions of the complexes in AcOH or alcohols, Saturation of the solution with ethylene gives rise to ethyl acetate, propionic aldehyde, and diethyl ketone in amounts commensurable with those of the complex used. The reaction may be pictured as the insertion of alkene molecule into Pd-H bond followed by carbonylation of the Pdalkyl bond formed. The Pd-COC H fragment arised seemingly undergoes insertion of the second C H molec6d and/or hydrogenolysis by the coordinated hydrogen to give ris$ $0 diethyl ketone and propionic aldehyde, correspondingly. Ethyl acetate is assumed to be formed as a result of AcOH attack on Pd-Et bond formed initially. The final Pd compounds, which might contain C H and Phen molecules as stabilizing ligands, were found to be active in oiikomerization of ethylene into butenes and hexenes. The complexes provide also catalytic hydrogenation of alkenes and alkynes under H2 atmosphere at 25-5OoC. The reaction ia neither fast nor selective. Thus, hydrogenation of phenylacetylene at 50°C and 1 atm of H the starting compounds for catalyst forma?ion was found to give styrene in Pd,Mo-cluster 2 was found to be a catalyst for alcohol oxidation. Thus, methanol is converted into methyl formate, oxidation of ethanole gives rise to diethyl acetal, and that of benzyl alcohol results in benzaldehyde formation at 60-8OoC and l atm of 0 . The starting complex was destroyed under reaction conditions and the obkierved catalytical activity was due to the products of oxidation of the starting cluster 2 . Dehydration of alcohols in the presence of Pd,Mo-cluster was found to proceed at 60-80°C under Ar atmosphere or in vacuo (ref.27) . No ethers were found in the reaction mixture. In the case of methanol and ethanol the main product of dehydration is white wax-like substance. trans-Stilbene was obtained by dehydration of benzyl alcohol. Dehydration of alcohols under essentially non-acidic conditions is rather unexpected. No less unusual feature of the reaction is the dehydration of methanol and benzyl alcohol under mild conditions, despite of the abscence of H-atom at p-position to hydroxyl groups in their molecules. A l l the facts mentioned suggest to involve carbene species in the reaction, The first step of the reaction appears to be oxidative addition of alcohol molecule to lo-Pd bond. The complex containing both Mo-coordinated hydroxyl anion and Pd 6-bonded ale1 group is formed at this step. Proton transfer from the alkyl group to the coordinated hydroxyl results in formation of complex containing coordinated water molecule and carbene ligand, which gives rise to organic products. In the course of the reaction the starting complex may be partially decarbonylated, so it is unclear whether the reaction is catalyzed by cluster 2 or by products of its trans- It is obviously that hydrogenolysis of the intermediates containing coordinated alkyl group or carbene ligand would lead to corresponding alkane. Our attempts to carry out hydrogenation of benzyl alcohol in the presence of Pd,Mo-cluster failed, however, because of instability of the complex under H . Nevertheless, toluene in amount commensurable with that of cluster 2 w8s found by H preliminary edosition under Ar for 30-40 days at 80°C.
